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ABSTRACT 
Silicon nanowires (Si NWs) were fabricated on Si(111) surfaces by both thermal 
evaporation and sputtering methods. Au nanocrystals were used as the metal catalysts and they 
were fabricated by electron beam evaporation. The field emission scanning electron microscopy 
(FESEM) was used to characterize the Si NWs. The diameters of the Si NWs were measured to 
be about few tens of nanometer. The mechanism of the nanowires formation by these methods 
was also discussed. 
Keywords: silicon nanowire, thermal evaporation, sputtering, catalyst.  
1. INTRODUCTION 
Recently, Si nanowires (Si NWs) have attracted considerable attention because of their 
outstanding physical properties and potential applications in many fields such as optoelectronics 
and chemical and biological sensors [1, 2]. Various methods have been developed for 
synthesizing of Si NWs such as oxide-assisted chemical vapor deposition (without a metal 
catalyst), laser ablation, thermal evaporation and metal-catalyzed molecular beam epitaxy [3, 4]. 
In most of these methods, Si NWs are grown using a vapor–liquid–solid (VLS) mechanism [5]. 
Regarding silicon wire growth, it is remarkable to see how much was already known in the 
1960s. The best example of this is the vapor - liquid - solid mechanism of Si wire growth 
proposed by Wagner and Ellis in 1964 [5]. Today, the vapor - liquid - solid (VLS) growth 
mechanism is the most prominent method for silicon wire synthesis. The VLS mechanism really 
represents the core of silicon wire research, though it works not only for silicon but also for a 
much broader range of wire materials. The VLS mechanism can be explained on the basis of Au 
catalyzed Si wire growth on silicon substrates by means of chemical vapor deposition (CVD) 
using a gaseous silicon precursor such as silane [6]. 
In this study, silicon nanowires are synthesized by both thermal evaporation and sputtering 
techniques. We can control the parameters of synthesis of silicon nanowires such as temperature, 
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pressure, gas flow and growth time, precisely, flexibly and easily. Morphology of samples was 
analyzed by field emission scanning electron microscopy.  
2. EXPERIMENTAL 
The substrate is flat Si(111) wafer. After cleaning by wet chemical treatment, the native 
silicon dioxide layer is removed by HF solution. The Si substrate is then loaded in a vacuum 
chamber with a base pressure of approximately 5×10-6 mbar for catalytic formation. The 
catalytic gold thin layer from 2 - 4 nm is formed by electron beam evaporation. During process 
Au thin film fabrication, Si substrate kept on a holder is always rotated to obtain a uniform Au 
thin film on the surface. 
In order to grow Si nanowires (Si NWs) by physical method, we used two techniques: 
sputtering and thermal evaporation. 
For the first technique, the Si substrate coated with an Au thin film was transferred quickly 
into a vacuum chamber of sputtering system for Si wire growth. Prior to grow, the Si substrate 
was annealed in a vacuum condition at a temperature higher than eutectic point of Au-Si alloy 
melting temperature. When the Au particles were formed on the Si surface by heating the 
substrate at high temperature in vacuum, silicon nanowires grew by sputtering from Si target 
using radio frequency (RF) in different power conditions. The distance from Si target to the 
sample’s surface is about 15 cm. The vacuum chamber’s pressure before Si NWs growth is 
~5×10-6 mbar. The Ar gas flow (at 20 sccm – standard centimeter cubic per minute) is carried 
into a vacuum chamber during sputtering to create a plasma environment. The working pressure 
during sputtering process is 6×10-3 mbar. Then, the Si substrate is heated at a temperature varied 
from 450 oC to 600 oC. The growth time ranges from 60 min to 120 min to form Si nanowires. 
For the second technique, the Si substrate was transferred quickly into a high temperature 
quartz tube furnace. The pressure in the quartz tube is maintained at ~ 10-1 mbar by using a 
mechanical vacuum pump. A stream of inert gas (Ar) was put into the furnace. The Si substrate 
was then annealed at a temperature of 1100 °C for 15 minutes. During the experiment, a boat 
containing the Si:C powder material is located in center of the furnace. Meanwhile, the Si 
substrate is placed in a position of 5 - 7 cm after the boat containing powder. The Si powder is 
transported to the Si surface by a mixture gas flow (Ar/H2) with 160 sccm for 60 minutes. After 
the process, the temperature is reduced to room temperature in order to take-off sample for 
analysis. 
3. RESULTS AND DISCUSSION 
We first investigated the formation of Au catalyst particles on the cleaned Si(111) surface. 
The Au layer with a thickness varying from 1 - 4 nm was deposited on the Si surface by e-beam 
evaporation at room temperature. Upon heating, the Au layer partially dewetted, forming Au/Si 
droplets on a smooth Au wetting layer. 
Figures 1.a–c show the morphology and size distribution of Au-Si alloy droplets when 
(111) - oriented Si substrates covered with different thickness of gold 1 nm (a), 2 nm (b) and      
4 nm (c) are annealed in vacuum condition. For a 1 nm - starting gold film, the average size of 
the resulting Au-Si alloy droplets is about 20 nm. When the Au thickness increases to 2 nm, the 
size of droplets is approximately 30 nm, a higher diameter than that of previous case. In both 
two cases, the size distribution is narrow and the Au-Si alloy droplets are uniform [7]. The size 
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and distribution of Au-Si droplets in case of 4 nm – thick Au layer are different than that of 1 nm 
or 2 nm – thick Au layers. The formation of larger droplets can be explained by the Ostwald 
ripening effect. 
  
a) b) c) 
Figure 1. SEM images of Au catalytic particles on Si(111) surfaces covered with 1 nm (a), 2 nm (b) and   
4 nm (c) thick gold layers. The samples were then annealed at temperature of 600 oC in vacuum. 
After forming the Au/Si droplets, we grew Si nanowires by sputtering method. Figure 2 
shows the result for Si NWs growth on the different above-mentioned Si substrates. After 
annealing the surface containing the Au layer in vacuum at a temperature of 600 oC to form the 
Au nano particles, the temperature is quenched and kept at 450 oC for Si NWs growth. From the 
SEM image, it is clear to see that the Si NWs have a diameter of about few tens of nanometer. 
Here, we performed Si NWs growth experiments using Si atoms escaped from the Si target. The 
amount of Si atom that arrived on the Si(111) surface is controlled by the RF sputtering power 
[8].  
a) b) c) 
Figure 2. Formation of the Si NWs on Si substrates coated with 1 nm (a), 2 nm (b) and 4 nm (c) thickness 
of gold thin film by sputtering method. 
For the case of growth Si NWs by thermal evaporation method, we also studied the 
formation of Au catalytic nanoparticles on the cleaned Si(111) surface. Figure 3 shows the SEM 
images of Si(111) substrate surface containing Au thin films with thickness of 0.5 nm (a), 1 nm 
(b) and 4 nm (c), respectively after thermal annealing. For the substrate with Au film thickness 
of 0.5 nm and 1 nm, the average size of catalytic metal particles is measured of about ~ 50 nm 
and the particles are uniform. Meanwhile, in case of 4 nm - thick Au thin film, the particles have 
larger size and show inhomogeneous distribution in sizes. 
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c) 
Fig 3. SEM images of Au catalytic particles on Si(111) surfaces covered with 0.5 nm (a), 1 nm (b) and     
4 nm (c) thick gold layers. The samples were annealed in thermal evaporator at a temperature of 1100 oC 
in nitrogen environment. 
After the catalytic particles are formed on the surface of the Si substrates, the Si nanowires 
are grown by thermal evaporation method from the Si:C source material powder. 
Figure 4 shows SEM images of the samples surface containing Si nanowires. The results 
show that when the Au film thickness is thin ~ 0.5 nm, the Si NWs are uniform and they have an 
average diameter in the range 30 - 50 nm. 
When the Au film thickness is increased (for case of 2 nm and 4 nm), we observed the 
bimodal distribution in size of Si NWs. The small Si NWs have diameter of ~ 30 nm and the 
larger wires have diameter of 80 - 90 nm. The formation of the Si nanowire revealed that the Si 
NWs are not uniform in size showing the inhomogeneous distribution of size and density of 
catalytic particles as mentioned above. 
 
a) b) c) 
Fig 4. SEM images of Si NWs obtained on Si(111) surfaces coated with 0.5 nm (a), 2 nm (b) 
and 4 nm (c) by thermal evaporation method. 
4. CONCLUSIONS 
We have successfully fabricated silicon nanowires by sputtering and evaporation method 
from Si target using RF source. The formation of Si NWs is showed closely related with the 
formation of catalytic nanoparticles on Si(111) surface.  
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Dây nano Si được chế tạo trên đế Si(111) bằng hai phương pháp: bốc bay nhiệt và phún xạ. 
Để tạo được dây nano Si, vàng (Au) được sử dụng làm chất xúc tác. Các hạt vàng có kích thước 
cỡ nanomet được chế tạo bằng phương pháp bốc bay bằng chùm điện tử và ủ ở nhiệt độ cao. 
Kính hiển vi điện tử quét được sử dụng để khảo sát dây Si. Kích thước dây đo được có đường 
kính cỡ nanomet. Cơ chế hình thành dây Si cũng được đề cập đến trong báo cáo.  
Từ khóa: dây nano Silic, bốc bay nhiệt, phún xạ, tinh thể. 
 
